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of human leukocyte interferon are discussed.
Since the original description of interferon as an antiviral protein (1), many other new functions (for review, see ref.
2) have been assigned to what is now recognized as a group of viral inhibitory proteins (for review, see ref. 3) . This laboratory has shown (4) that interferon has species-specific polypeptide hormone activities. Among these are norepinephrine-like effects on cultured mouse myocardial cells and corticotropin (adrenocorticotropic hormone; ACTH)-like induction of melanogenesis (5) and steroidogenesis (5, 6) . Although this earlier study has shown that interferon and polypeptide hormones share common pathways of cell activation after initial cell membrane interactions (4), we were intrigued by the possibility of underlying structural similarities between these molecules. To investigate this idea, we have used specific antisera and a protease to study whether there is any antigenic and structural relatedness between interferons and known polypeptide hormones.
MATERIALS AND METHODS
Reagents. Highly purified ACTH (40 units/ml) was purchased from Armour Pharmaceutical (Phoenix, AZ). Another ACTH preparation (69 units/mg of protein) was obtained from Sigma. Rabbit anti-ACTHa(l-13) (code 1660) and y-endorphin (code 1670) antisera were obtained from Bio-Ria (Brussels, Belgium). Each antiserum was prepared against synthetic antigens. Rabbit anti-human leukocyte interferon antiserum was obtained from the National Institute of Allergy and Infectious Diseases Antiviral Substances Program (Bethesda, MD).
Interferon. Human leukocyte and fibroblast interferons (7, 8) were assayed by microplaque reduction with vesicular stomatitis virus as a challenge (8, 9) . One unit of interferon in our assay equals 1 unit of the National Institutes of Health reference interferons.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. 5972 ACTH Assay. ACTH activity was measured in a mouse adrenal tumor (Y-1) cell-rounding assay as described (10 (12, 13) , these data show that the neutralization of leukocyte interferon by anti-ACTHa(1-13) antiserum was specific. Increasing concentrations of ACTH blocked the neutralization of human leukocyte interferon by anti-ACTHa(1-13) antiserum (Fig. 1 Right) . Thus, the antiserum was recognizing ACTH antigenic determinants on the human leukocyte interferon molecule. The finding of almost complete blockage by ACTH indicated that the antiserum was not recognizing determinants in leukocyte interferon other than ACTH. It should be noted that this is a highly specific rabbit antiserum which was raised against synthetic ACTHa (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) [also a-melanotropin (melanocyte-stimulating hormone)]. It has a titer by radioimmunoassay of 1:38,000 and 1:1000 against ACTHa(1-13) and natural porcine ACTH(1-39), respectively (Bio-Ria).
It is known that ACTH and endorphins (brain polypeptide hormones with opiate activity) can be derived from a single common precursor molecule that is immunoprecipitable by specific antisera to either ACTH or endorphins (14) . Leukocyte interferon also appears to contain an endorphin-like structure, because a highly specific rabbit antiendorphin antiserum (raised against synthetic -y-endorphin) neutralized human leukocyte interferon activity (Table 1) . This neutralization was blocked by 'y-endorphin. Antisera directed against polypeptide hormones that are structurally unrelated to ACTH and endorphins did not neutralize leukocyte interferon. Specifically, there was no neutralization with anti-human luteinizing hormone (lutropin, 1:80) or follicle-stimulating hormone (follitropin, 1:300) antisera (gifts of E. R. Smith). Taken together, these data showed that human leukocyte interferon shares antigenic determinants with ACTH and the endorphins. Anti-ACTHcj (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (Table 3) . This blockage was incomplete, which suggested that leukocyte interferon antiserum also recognized determinants other than ACTH on the interferon molecule. Table 2 ). In fact, the amount of ACTH activity generated by pepsin treatment of 1000 units of leukocyte interferon approximates that seen with 0.1 milliunits of ACTH (about 0.5 ng) when parallel titrations were done. These data strongly suggest, based on pepsin insensitivity and the molecular weight of the ACTH(1-24)-like fragment of human leukocyte interferon, that the antigenic relatedness of leukocyte interferon and ACTH are based on structural similarities or identities.
The finding of antigenic and structural similarities among * Except for a different antiserum, procedures are as described in Fig.  1 Right. t A 1:10,000 dilution of the rabbit anti-human leukocyte interferon neutralizes 10 units of leukocyte interferon. The difference between anti-leukocyte interferon antiserum with and without ACTH is significant (P < 0.05). Differences between anti-leukocyte interferon antiserum (with or without ACTH) and normal rabbit serum are significant (P < 0.01).
Cell Biology: Blalock and Smith 5974 Cell Biology: Blalock and Smith (16) . The mixtures were incubated for 18 hr at 370C and then assayed on mouse adrenal tumor (Y-1) cells for ACTH activity or on human amnion (WISH) cells for antiviral activity. Some samples as indicated were passed through an ultrafilter membrane (Diaflo membrane-DM5, Amicon, Lexington, MA) with a molecular weight limit of 5000 daltons, and the filtrates were assayed for ACTH activity. * refs. 7 and 15) . The relationship we have observed among leukocyte interferon, ACTH, and endorphins raises the interesting possibilities that different interferon types may be related to other peptide hormones or that they may derive from a common molecule. If in vivo cleavage occurs, the described effects of interferon on cancer, hepatitis, herpes infections, common colds, etc., may require a reevaluation that considers possible secondary hormonal effects. Furthermore, leukocyte interferon production and subsequent modification might explain the pathophysiology of certain diseases. Since these studies concerned a product of lymphoid cells, the data presented here suggest that the immune system can produce a precursor to neuroendocrine hormones. In fact, leukocyte interferon-producing lymphocytes show positive fluorescence when stained with either ACTH,(1-13) or endorphin antisera in an indirect immunofluorescence procedure (unpublished data). Thus, direct and known polypeptide hormonal circuits appear to exist between the immune system and the neuroendocrine system. This may represent a mechanism by which the immune system signals other tissues, such as the brain and adrenal glands, during infection, tumor formation, and chemical insult.
